Hot pressed Si 3 N 4 has been extensively studied in the past years mainly because it is a potential candidate for high temperature structural applications. If its behavior in alkaline environments has been widely investigated and is now well understood 1, 2, 3 , only a few authors have conducted research on thin film to enhance Si 3 N 4 lifetime in harsh environments 4, 5 . Thus, it is the first objective of this work to develop thin film of CMZP and Mg doped Al 2 TiO 5 using the sol-gel process and the dip coating technique.
In the previous report relatively good coverage of the substrate surface was achieved with low concentration solutions and double coatings. However, the aggregation of the sol-gel at the bottom of some samples suggested that more viscous solgels, i.e. higher concentrations, could alleviate this phenomenon. This report will therefore present the results obtained with more concentrated solutions and also those obtained with two other CMZP solutions utilizing different precursors.
I. Sol-gel preparation :
In this work three different CMZP solutions, A, B, and C were synthesized. The X-ray diffraction patterns for the three powders are shown in Figure 1 . Using X-ray data given for (ZrO) 2 P 2 O 7 (ZP), CaZr 4 (PO 4 ) 6 (CZP), MgZr 4 (PO 4 ) 6 (MZP), and (Ca 1-X ,Mg X )Zr 4 (PO4) 6 (CMZP) powders, 6, 7 it was possible to identify the phases present in the synthesized sol-gels. For the three powders CMZP was found to be the main phase. X-ray diffraction pattern for the powder derived from solution C indicated a nearly pure CMZP phase with a minor CZP peak. As for the powders obtained with solutions A and B, X-ray diffraction patterns clearly evidenced traces of CZP, ZP and MZP. Their occurrence may be attributed to an excess of calcium, zirconium and magnesium precursors.
7,8
II. Multiple coatings
Scanning electron microscope was used to investigate the quality of the films as a function of the number of coatings. To obtain a good coating Si 3 N 4 specimens had to be coated up to three times using the procedure described in report # 11. The results for CMZP solution A, B, and C are reported in table 1. For the three sol-gels poor coverage of the surface was achieved when samples were dip coated one or two times. With three coatings only CMZP solution A and B gave good results as depicted in Figure 2 . Two different morphologies were evidenced for sol-gel A. Indeed some coatings exhibited surface with well defined grains whereas others yielded non granular structures, probably due to the melting of the grains. 
III. Influence of CMZP sol-gel concentration a) CMZP solution A
Silicon nitride specimens dip coated with sol-gel solutions of concentration 0.2 and 0.4 mol/l, respectively, were studied using a scanning electron microscope. The quality and morphology of the thin films are listed in Table 2 . For both concentrations no good coating was achieved. Indeed, with a solution of concentration 0.2 mol/l the surface was poorly covered with grains of varied sizes and shapes as depicted in Figure 2 . Higher concentrations resulted in a better coverage of the surface, but no grains were evidenced. The coating is thought to be too thick and is mainly formed of segregated pieces of CMZP as shown in Figure 3 . When compared with previous findings (see report # 11), it was concluded that coatings obtained with lower concentrations yielded grains of more uniform size and shape and more evenly distributed. However, those results need to be checked again for a different grade of Si 3 N 4 was used. 
b) CMZP solution B
The quality of the coatings obtained with solution B was assessed for three different concentrations : 0.02, 0.05, and 0.2, respectively. First, it was found that the drying procedure didn't need to include a three day exposure in a 40-80 RH atmosphere. Indeed coated samples, which were not put in a dessicator at 40-80 RH, presented a better coating. SEM inspections clearly indicated that when the relative humidity exceeded 60 %, the sol-gel took up too much moisture and as a consequence was driven to the bottom of the specimen. Results regarding the influence of the concentration are displayed in table 3. As can be seen a good film was achieved for a minimum concentration of 0.05 mol/l. Figure 4 presents a photomicrograph of the thin film at magnification 2000. Grains of CMZP with size ranging from 1.3 to 3.5 µm appeared to be uniformly distributed. However, EDX energy dispersive spectrum and elemental mappings presented in figure 5 still evidenced the presence of Si, Al, and O on the surface. This may be attributed to the fact that the amorphous alumino silicate layer which forms during the surface treatment, can react with CMZP or develop on top of the coating during the firing. 
Conclusion
Concerning CMZP solution A investigated so far in the previous reports, it was found that higher sol-gel concentrations did not significantly improve the quality of the coatings. The aggregation phenomenon was indeed eradicated, but the quality of the coating assessed in terms of grain size, grain shape and grain distribution on the substrate surface was not as good as the one involving low concentration solutions. Besides, the work conducted over the past four months has also shown that among the three CMZP sol-gels synthesized, solution B using the precursors Ca(CH 3 CO 2 )H 2 O, Mg(C 2 H 5 O) 2 , Zr(C 2 H 5 O) 4 , and (C 2 H 5 O) 3 P(O) gave the best results in terms of thin films. To obtain a good coating it was necessary to coat Si 3 N 4 samples up to three times. However, XRD diffraction patterns indicated that the powder was not single phase. Indeed in addition to
